The values ascribed to industrial tree plantations are often controversial. Hence knowledge of their perceived impacts is important for improving their integration in rural landscapes. In 2016 we conducted household surveys with 606 respondents living in villages adjacent to acacia, teak and pine plantations across three islands in Indonesia (Java, Borneo, Sumatra). Results show that perceptions toward pine and teak plantations tend to differ from those toward acacia pulpwood plantations in several ways. Pine and teak plantations are perceived to have a higher number and variety of benefits and services, a higher number of positive impacts, a better environmental record, and to present more opportunities to local people for use of plantation land and products for improving rural livelihoods. In addition, we find that villagers around acacia pulpwood plantations tend to seek economic development and infrastructure to open up remote areas, yet their expectations were often only partially met. Recommendations from our analysis include: the role of the State in plantations must be clarified and potentially reinforced; the role of institutions as intermediaries is fundamental; and contributions by communities to design of management plans should be accommodated.
Introduction
With the decline in wood production from natural forests since the late 1980s (Warman, 2014) , planted forests have become increasingly important for the global supply of timber and contributed about one-third of global industrial roundwood production in 2012 (Jürgensen et al., 2014) . According to recent estimates, planted forests (including seminatural forests) account for 290 million ha globally (FAO, 2015) , including more than 100 million ha of productive plantations (Del Lungo et al., 2006) , out of which 54 million ha are corporate fast-growing plantations (Indufor, 2012) .
The overall trend is for expansion of planted forests into the future. Depending on the scenario, planted forests -which cover a larger spectrum than productive tree plantations and include protective plantations as well as some semi-natural forests -are predicted to cover from 303 to 345 million ha by 2030, with most of the absolute increase taking place in Asia, and likely to be dominated by forest established for industrial roundwood (Carle and Holmgren, 2008) . Some authors present a more nuanced view, highlighting differences between regions and risks that may hamper this expansion, if the right policies are not applied (Payn et al., 2015) .
Against this backdrop, many controversies remain around expansion of planted forests and their negative social impacts, such as the many conflicts related to land tenure (e.g. Gerber (2011) provides a comprehensive review of case studies). Their contribution to local development has also been challenged (Andersson et al., 2015) , yet there is a general lack of studies with robust methods to allow firm conclusions to be drawn. Negative environmental impacts are also an issue when a single species is planted on large estates, and especially when plantations are established on previously forested areas (Stephens and Wagner, 2007) . Some are confident that the capacity of planted forests to produce large amounts of wood products will eventually alleviate pressure on natural forests (Jürgensen et al., 2014) , although a recent review underlines the complexity of this assumption and outlines the limited conditions under which it can materialize (Pirard et al., 2016a) . Other reviewers claim that planted forests can create jobs (Ying et al., 2010) , support local livelihoods and rural development, especially when managed by smallholders (Nambiar et al., 2015) , or provide a range of ecosystem services, especially when established on degraded lands that require restoration (Bauhus et al., 2010; Baral et al., 2013 Baral et al., , 2014 Baral et al., , 2016 . These controversies are important to examine, because of the increasing role that industrial timber plantations are expected to play in meeting global demand for fiber and fuel. Indonesia is a good example for several reasons. First, many licenses exist for industrial timber plantations (HTI), with 254 concessions in 2013 covering 10.1 million ha (personal communication from Ministry of Environment and Forestry, 2015) , which represents a very substantial increase from 98 concessions in 1998 (Kartodihardjo and Supriono, 2000) . Over the period 2010-2014, the planted area within these concessions increased from 0.9 million ha to 2.25 million ha (personal communication from Ministry of Environment and Forestry), most of it dedicated to pulpwood from acacia and increasingly eucalyptus. And there is room for further expansion of the planted area, considering the total concession area that is already allocated.
Second, these developments have been marked by numerous problems. Kartodihardjo and Supriono, 2000 observe that about two decades ago expansion was accompanied by environmental damage and took place at the expense of the rights and livelihoods of forest-dwelling people. While conflicts are now largely documented (e.g. Sakai, 2002; Dhiaulhaq et al., 2014; Purnomo et al., 2014) , there has been relatively little research outside conflict areas, and there is only limited knowledge about the perceptions of rural communities towards these industrial plantations in general.
Industrial timber plantations in the tropics tend to be associated with pulpwood production, which is often misleading. This is exemplified by the situation in Indonesia, where teak and pine plantations have been established for a long time, cover very large areas, and are managed for high-value timber production and non-timber forest products (NTFPs), e.g. resin. Their area in Java, under the management of the State-owned company Perum Perhutani, amounts to 1.8 million ha (out of 2.4 million ha under the management of the company, including 0.6 million ha for conservation purposes, Perum Perhutani, 2014) , and is thus of the same magnitude as the area planted with acacia or eucalyptus for pulpwood nationally. Yet, industrial scale teak and pine plantations in Indonesia seem to have reached a limit (mainly located in Java), while pulpwood plantations are still expanding in the outer islands such as Sumatra and Kalimantan
Previous studies have examined various aspects of small-scale production, including socioeconomic characteristics, perceptions, silvicultural practices, and plantation quality and productivity in Indonesia (e.g. Rohadi et al., 2010; Kallio et al., 2011 Kallio et al., , 2012 Maryudi et al., 2015) . Yet those studies do not deal with industrial plantations, which is the focus of our research. For example, Kallio et al. (2011) analyzed small-scale farmers' socioeconomic characteristics and silvicultural practices. They found that farmers who practised more active silvicultural enterprises either controlled larger areas or had more household members than other farmers. Rohadi et al. (2010) examined the socioeconomic value and challenges of smallholder tree plantations in Central Java and South Kalimantan. Their results indicated that the smallholders generally understood the benefits of timber plantations but their investment in plantations depended on production outputs and existing market opportunities. Others have focused on company-community partnerships designed to mitigate land claims (Maturana et al., 2005) or for benefit-sharing and local livelihoods (Nawir and Santoso, 2005) , and underline challenges to their successful implementation.
From a methodological perspective, in recent years there has been growing interest in understanding stakeholders' perceptions within the forestry and natural resources management sector. Williams (2014) investigated public expectations for rural land use and the acceptability of different kinds of plantations in the Australian context. She found that preference was given to public benefit outcomes, e.g. to ecosystem services rather than to private goods. Vihervaara et al. (2012) explored local people's perceptions of the effect of rapid expansion of industrial plantations in Uruguay and their impacts on various ecosystem services. They found that ecosystem services were valued differently by local people than by experts, in the case of certain regulating and provisioning services. Other important research topics associated with perceptions include: different beliefs about large-scale plantation forestry in Australia (Anderson et al., 2013) ; stakeholders' perspectives about participation process in a regional forestry program in Finland (Kangas et al., 2010) ; and subjectivity of stakeholders' perceptions of land-use changes in Costa Rica (Lansing, 2013) .
Taking stock of the growing interest in studying the impacts of plantations through the perceptions of local populations for policy recommendations, this paper reports on a study in Indonesia designed to answer the following research questions: What are the perceptions held by local people of the impacts (positive and negative) of plantations? How do perceived impacts relate to plantation type, local conditions or household characteristics?
Methods

Analytical framework
Our empirical research adopts the framework of peoples' perceptions in order to assess the impacts of industrial plantations, an approach which is fundamentally different from measuring actual impacts on the ground. The existing literature on the topic, as summarized in the introduction, reveals two main approaches, either based on the application of the Q-method (e.g. Anderson et al., 2013 for Australia; Pirard et al., 2016b for Indonesia) or extensive surveys (e.g. Vihervaara et al., 2012 for Chile) . In this article we present findings of the application of a survey questionnaire Nov-2015 .
We designed a questionnaire to provide information on several aspects to allow comparison between sites, as summarized in Table 1 . We believe that this diversity of questions provides a variety of information that would describe the overall effects of the plantation in the surrounding landscape. The analysis follows the same order as the results section.
Study site selection
The study covered sites with differences in terms of products, forest management, local conditions, tree species and location (three islands: Java, Sumatra, and Kalimantan) (Fig. 1) . To increase the representativeness and reduce effects of local conditions and history, we undertook the survey in at least two villages or small towns (referred to here as "villages") for each plantation type. The information on nine villages in our sample is presented in Table 2 .
We need to acknowledge that tree plantations differ in a multitude of ways, such as intensity of management, length of rotation, type of product, domestic versus export markets and year of establishment. We used species as proxies for many of these variables, as their products, markets and histories differ substantially and in key respects, as will be shown in the presentation of the Results and Discussion.
Plantations in the sample were chosen based on their main geographical areas in the country, with attention paid to representativeness. For instance, Kalimantan has low population density inland and retains large areas of natural forests mostly inland and in the mountainous areas, although rates of deforestation are significant (Gaveau et al., 2014) , whereas Sumatra (especially Riau province) has faced among the highest rates of deforestation in the country for many years, hosts the bulk of pulp and paper processing capacities, and recent investment and internal migration is incessant (Gaveau et al., In press ). Conflicts of various degrees are thus more frequent in Riau, as land available for development is scarcer (Gaveau et al., In press ). These differences matter to our study, because perceptions can be expected to depend on the intensity of conflicts and competition for access to land as well as the proportions of indigenous and migrant populations in the area.
Once the plantation estates were identified in four contrasting contexts, using map, villages were selected randomly from those meeting the following eligibility conditions: (1) located on the border or within 5 km of the concession boundary, (2) reaching at least the critical size of about 1000 people (so that complex dynamics and effects can be observed), 1 and (3) having no documented violent Negative impacts and losses.
With the collection of data on the problems associated to the plantation, we can have a comprehensive coverage of the negative impacts of the plantations and areas of improvement.
Evolution over time.
In addition to asking whether the introduction of the plantation had prompted a radical change in the landscape (positive or negative) over time, we also gather data on whether the original perception has evolved since the establishment of the plantation. Source: Data and information were collected either from official statistics at the village institution (number of inhabitants and households), maps (distance to closest urban center), or with key informants and village heads (all other information).
conflicts or model partnerships. The latter conditions were justified by the need to avoid extreme cases in order to have relatively neutral situations and findings, for the purpose of generalization. Yet in a country where conflicts -even if not always reaching high levels of intensity with violence and demonstrations -are extremely common due to tenure uncertainty, rapid population growth and migration, we had to make sure that the sample would also reflect this context. We could verify ex-post that this condition was met, as 45.7% of acacia plantation-related respondents claimed land in the concession at some point in time. Furthermore, in at least two of magnitude, which justifies the inclusion of one small town in the sample as it represents villagers potentially impacted on by the plantation.
villages adjacent to acacia plantations, respondents reported intimidation and even incarceration in some cases. Therefore we believe that the selection process for case studies was satisfactory in dealing with the more extreme cases of violent conflict on the one hand, and specific partnership programs in pilot sites on the other.
Questionnaire design and application
The questionnaire was designed in several stages and benefited from a stakeholder workshop held at the Center for International Forestry Research (CIFOR) headquarters in Bogor, Indonesia, in October 2014 with company, government, and NGO representatives, and from testing in the field for refinement. Training was provided to enumerators from our research partner organization BTKPDAS, an implementing agency of the Ministry of Forestry Research Center, FORDA. The six Indonesian enumerators used over the course of the survey are researchers with extensive field research experience, which provided a strong asset for high-quality data collection.
The questions were of different types, i.e. open or closed and some had previously defined response codes. Apart from a few exceptions where qualitative information was sought (e.g. "Give two examples of substantial changes caused by the plantation development"), all of the open questions were coded ex-post to allow statistical treatment. This was the case for the range of positive and negative impacts that respondents mentioned, and was a necessary step in making comparisons between survey sites. Twenty codes were created and used in the survey in order to capture the diversity and nuances of responses. We also made broader categories such as "local development" or "environmental services." In all cases, though, the original qualitative information was retained so as to provide precise illustrations and detail in the analysis.
The respondents were identified randomly, based on lists of households provided by village or town heads at each site. Two filters were used to ensure gender balance, and representation from different areas. The latter aspect was especially important in one site, where the small town had clearly divided areas with inhabitants having either a lot of interaction with the plantation or almost no interaction.
Results
A total of 606 respondents were included in the survey, and basic characteristics and distribution among sites are summarized in Table 3 .
Preliminary indications on the relation between perceived local impacts and plantation types (acacia, pine, teak) were provided based on a series of tests of the statistical correlation links (for all types and for pairs of types).
All variables showed significant statistical correlation with plantation types, except for employment, which seems to be specifically related to local dynamics in each of the study sites. Acacia exhibited higher differences compared to pine and teak for most variables, with more significant links between variables and pine/acacia and teak/acacia than between variables and the pair pine/teak. This sug-gests that of the three plantation types, acacia distinguished itself from the other two types, in terms of both positive and negative perceptions.
Interactions in terms of employment and use of plantation land
Two main types of interaction with plantations were investigated by means of the questionnaire, local employment and use of company-controlled land by surrounding populations. Significant differences were revealed between plantation types with respect to the use of the land. The share of respondents that reported using the land of the company was lowest for acacia (26%), considerable for pine (64%) and highest for teak (87%). This is likely to be related to the greater demographic pressure in Java and the wide implementation of the intercropping system, which has become a classical feature of integration of teak plantations in the rural landscape. On the contrary, acacia was managed more intensively and shared use of the land was less of an accepted practice. There were significant variations between acacia villages -although all exhibited lower use than for other plantation types -in the range of 8-39%. The two villages with lower use of plantation land were BuyungBuyung, where the largely migrant population were involved in fishing and aquaculture, and Rantau Bertuah where the transmigrant population was involved in intensive oil palm cultivation. These populations have limited need to expand their land use on the forestry concessions.
The employment of respondents on plantations was comparable for all plantation types: 40.3%, 48.8% and 51.6% of respondents have worked for the pine, acacia and teak plantations, respectively; however employment at village level exhibited slightly greater variation between 33% and 63%, suggesting that specific local conditions were influential. The share of respondents with employment experience was never below a third for any given village in the sample, which is an indicator of substantial labour opportunities for settlements around plantations.
This relative homogeneity among villages around plantations in terms of labour opportunities was not matched by the data on type of contractual relationships, which were critical in assessing the potential for villagers to access stable labour markets with their associated benefits. Indeed, for pine, the majority of workers were paid by task, which reflected the system of resin tapping contracted to villagers through the allocation of rights to specific plots. For teak, the majority was classified as seasonal workers (or daily labour without contracts). For acacia, the situation was more diverse; about half were seasonal workers and the rest were evenly distributed between contractual (short-term contracts), permanent staff, and those paid by task. While this pattern tended to remain at the village level (e.g. permanent positions for acacia only, workers paid mostly by task for pine), there were still significant differences among sites with both pine and acacia plantations. Therefore it is difficult to make firm conclusions on the degree of employment security in relation †to plantation types: further study would be helpful to determine whether permanent contracts are more desirable than payment by task, from the perspective of both benefits and flexibility for workers.
Going one-step further, our survey found meaningful results on work intensity. The majority of people worked between 1 and 10 days each month on pine plantations, which reflects the low intensity of resin tapping, among other factors. For teak, the diversity of situations among seasonal workers, who can handle various tasks with various intensities depending on tasks and on their own availability, is reflected in a fairly even distribution in terms of how many days are worked per month. Work on acacia was more intensive over the year for those lucky enough to have penetrated the working environment of the company, as almost a third worked between 21 and 30 days each month. All of villages surveyed showed similar trends for each plantation type.
To shed light on this quantitative information, which constitutes a snapshot of the situation at the time of the survey, we asked questions about the willingness to work more and the reasons for not working more. Overall, considerable numbers of people across villages (between 20 and 66%) expressed interest in working (if not working yet) or working more (if working part time already). For those who did not wish for work or more work, the main reason was lack of time, which supports the idea of these plantations as complementary sources of livelihoods in the rural landscapes (Pirard and Mayer, 2008) . This is exacerbated in the case of teak (where 76% of respondents said lack of time) and pine (47%), which was probably due to the higher level of development of these Javanese areas and the resulting greater number of alternative jobs and livelihood opportunities available locally. Low incomes provided by jobs on plantations were only cited by about 15% of respondents in three villages as deterrent to work, and these were all working on acacia plantations. When the answers "too demanding" and "too old," (assuming the latter reflects to some extent the difficulty/physical requirements of the job) were combined, the total amounted to 20% of respondents over all plantation types.
It was difficult to identify strong patterns from the information obtained from this survey. But across a diversity of situations plantations clearly were not seen as places where villagers were willing to work as a first priority. Yet plantations seemed to meet demand for jobs that offered some of the flexibility needed allow workers to accommodate their core livelihoods such as farming.
Services and benefits
Due to the critical importance of understanding peoples' perceptions of impacts of plantations, we asked the two related questions: "What did you enjoy that was provided by the company?" and "What benefits/positive aspects are associated with the plantation?" We realized that the former question was interpreted in personal terms as relating to services that were directly provided to the respondent (e.g. jobs), whereas the latter was understood much more broadly as referring to impacts in the area and included local development aspects or environmental services. In this paper we focus the analysis on the second question because it provides a greater wealth of information and better reflects local perceptions of plantations when we compare to inputs collected during informal discussions.
Data analysis shows that the majority of the respondents cited one or no positive impacts of acacia development, which is in stark contrast to pine and teak sites where more than two-thirds of respondents cited at least three positive impacts. The impacts are diverse and were coded ex-post with 18 options, ranging from better local climate to employment and including the distribution of seedlings or infrastructure. To facilitate the presentation of results, we created four broad thematic categories: contribution to local development; provision of environmental services; various types of support to villagers, from loans to schools or training; and others, such as places of worship or hospitals. Services and benefits with highest rates of citation for at least part of the sites are presented in Table 4 .
In the case of acacia, respondents focused almost exclusively on local development as a positive consequence of the development of the plantation (82% cited at least one related benefit, and the lowest proportion was in Rantau Bertuah, still with 60%). The other broad categories scored consistently lower across acacia sites, with 6%, 8%, and 9%, for environmental services, support, and other factors, respectively as broad categories. In other words, these large-scale plantations established in remote areas were perceived as opening up poorly accessible sites with road infrastructure and stimulat- Table 4 Perceptions of services and benefits provided by plantations (% of respondents replying spontaneously). ing local trade and business as well as providing jobs. However, plantation owners did not carry out major improvements in infrastructure and local conditions, and there seems to have been no positive impact on the environment according to the respondents.
When people around acacia plantations were asked about the additional benefits that they expected from the plantation company, they mentioned local development (63%) and support categories (24%), which show a high level of (unmet) expectation. Villagers emphasized that they wanted better roads and increased access to concessions for their use. It means that in these poorly developed and often remote areas where the State is not very visible or active, these companies are often seen as agents of development; at the same time they lack legitimacy to control such large pieces of land, and local people desire improved integration and access to the use of their concession areas.
Pine and teak plantations were perceived by respondents to produce many positive impacts locally. Almost 88% and an impressive 99% respondents cited local development as benefits for pine and teak respectively, and very high satisfaction rates (of about twothirds) were expressed for both these plantation types for provision of environmental services. This is a very robust result, as variations between villages were limited. Water and reduced erosion (probably with resulting sustainable yields in local agricultural fields) were spontaneously cited by a substantial number of respondents. These results have to be compared with extremely low rates of citation for infrastructure (mostly roads and bridges) in all pine and teak sites, which can be explained by the long-term presence of these plantations in these landscapes, so that dramatic changes in the local infrastructure are not associated with the company over the last few decades. In contrast, acacia plantations have opened up areas in less-developed regions, sometimes even in frontier areas where vast areas of natural forests remain with little infrastructure. In Java, the plantation sites (especially teak) have been connected to nearby towns and cities for a long time.
Another distinctive difference between pine/teak and acacia is the provision of goods and access to plantation land, with respectively 77%/93% and 1% of respondents spontaneously citing these types of benefits associated with plantation types. The latter figure is all the more telling, as respondents at four out of five acacia sites did not mention this benefit even once. This could be a critical finding if related to the differences between plantations with longer rotations, that have become a legitimate and active part of the landscape on the one hand, and those that are more recent with shorter rotations for fast-growing species in disputed areas on the other. The former tended to permit greater access to resources such as fuelwood and land for intercropping, hence providing a large set of benefits beyond jobs and infrastructure. The latter were seen as more intrusive and competitive for land. The fact that pine plantations provide resin on a regular basis does not seem to be an explanatory factor here as teak plantations scored highest.
Still, many respondents at pine sites expressed a need for the provision of support activities, as reflected in their responses to the question about "expected services and benefits from the plantation." They usually mentioned cattle (50%), loan facilities (30%) and a variety of extension services (26%). Teak sites had lower unsatisfied expectations, with 54% of respondents not citing any category at all.
The perception that companies should provide more support to adjacent villages was almost universal: only 1-18% of respondents per village mentioned any support-related benefits flowing from local plantations (i.e. 82-99% cited no benefit). This signifies major scope for action by companies to improve the social integration of plantations in the landscape, and to earn their "social license to operate".
Negative impacts
Perceptions of negative impacts were gathered from one broad question, "What negative aspects are associated with the plantation?" This allowed us to test whether plantations had few (or many) negative impacts, and to highlight the main problems related to plantation development, as well as areas needing improvement. Negative impacts with highest rates of citation for some of the sites are presented in Table 5 .
In the case of acacia, the small number of benefits and services mentioned by respondents was accompanied by a high rate of dissatisfaction, with 44% of respondents citing at least four negative impacts and a mere 6% citing no negative impacts. The vast Table 5 Perceptions of negative impacts caused by plantations (% of respondents replying spontaneously). majority of respondents pointed to adverse effects on local development -which we consider to be a stronger statement than not mentioning local development as a positive effect from plantation development. A detailed analysis indicates that adverse effects on local development were mostly associated with restricted access to land (often related to respondents' land claims) and hence reduced source of livelihood. This indicated competition between villagers and the plantation company for the use of natural resources and the majority of people stated that this was detrimental to their economic circumstances.
A similar trend was revealed in terms of various negative environmental impacts across villages bordering acacia concessions. Loss of biodiversity was prominent and this was directly associated with loss of natural forest arising from plantation establishment. Acacia plantations also stood out in respondents' minds as not being aesthetically pleasing and being established on too large a scale; they commonly cover tens of thousands of hectares, as was the case with acacia plantations in the sample villages. Other impacts such as pollution, dust and noise caused by passing logging trucks and other continuous operations in plantations with short rotations of 5-7 years, were also flagged for acacia -much more commonly than for teak or pine. This difference was probably related to the much shorter rotations for acacia, as well as unsatisfactory communication channels with the companies. The case of acacia is not surprising, as these pulpwood plantations have less government support than teak and pine plantations, which are managed by a State-owned company that initiated early local development programs and the creation of intermediate institutions that provide effective ways to convey grievances and make requests. These intermediary institutions, known as LMDH (Lembaga Masyarakat Desa Hutan), served to operationalize local development (e.g. loans for economic activities) and benefit-sharing programs established at the end of the 1990s in order to improve relationships with neighboring communities, known as PHBM (Pengelolaan Hutan Bersama Rakyat) -literally meaning "managing forests with people". LMDHs also play a critical role in managing the labour force, as resin tappers actually deal with the LMDH and have no direct contact with the company. The LMDHs also buy the product at a price decided by the company.
Teak and pine were perceived to have less negative impacts on all fronts. From 52% and 62% of respondents cited no problem for pine and teak, respectively, and 71% and 80% cited one problem at most sites. This means that negative impacts reflected a minority of opinions that involved specific cases. For instance, 22% and 16% of Nglebur village (teak) respondents, respectively, cited truck annoyances and lack of employment, and one-fifth of Slahung villagers (pine) mentioned poor communication.
One possible interpretation for the lack of association made by these respondents between plantations and potential negative impacts is the long-term establishment of pine and teak and their integration in the landscape. In other words, villagers may have faced a number of problems, e.g. provision of water services, but do not attribute the responsibility to the plantation owners, as the problems have always existed in their time. It is possible that the same reasoning might apply to benefits and services. For instance, the local climate may be regulated because of the presence of plantations, but people would not see or report any difference as the plantation was established before they were born.
Evolution of perceptions and changes in the landscape
To go beyond a snapshot analysis, we asked people about how their perceptions had evolved over time, but did not specify the period of time or whether this applied to before or after the plantation was established (because the sites differed widely with respect to age of plantation in the landscape).
Here, 55% of people near acacia plantations expressed the view that conditions had become worse over time, compared with just 4% who indicated improved conditions. In contrast, 76% and 60% of villagers located near pine and teak plantations, respectively, reported improved perceptions and very low rates of dissatisfaction (5% and 8%, respectively). This probably reflects efforts by the government to enhance the integration of pine and teak plantations under public management and their interactions with neighboring populations, as exemplified by the intermediary institutions LMDH and PHBM over the last 15 years. In a context that was not always peaceful and without challenges during the long reign of President Suharto, these initiatives seem to have paid off, as suggested earlier by Singer (2009) , who also mentions weaknesses among which elite capture is prevalent.
This pattern is consistent across villages, with between onethird and two-thirds of opinions in acacia sites indicating a worsening state over time, and in all cases these figures were significantly higher than for pine and teak sites. The interpretation of this result remains open; yet we do not think it is related to the pine and teak plantations having been established for a longer period of time, as pulpwood plantations had been operating for more than a decade in all sites at the time of the survey. This could suggest, instead, that difficulties for large-scale pulpwood plantations in obtaining a "social license to operate" are not strictly related to their inherent characteristics (such as intensity of management, rotation length or types of products), otherwise perceptions would have not worsened over time and their rather bad reputation would have meant that perceptions were at their highest negative level in the beginning. In fact, companies may have been ineffective in accommodating local aspirations, which is all the more disturbing in a context where plantations are suspected of harming local populations and are thus expected to try hard to improve the situation. We could not collect substantial evidence of these efforts -or the absence thereof -but the situation might change in the future, as the two main pulp and paper groups with pulpwood plantations have been engaged in ambitious programs aimed at promoting forest conservation and improving social impacts since 2013.
The question about radical changes to the landscape was only asked at sites near acacia plantations as it was redundant elsewhere. Indeed, the other plantations have existed for such a long time that villagers cannot remember a time when they did not exist, and hence no comparison can be made in a landscape without their presence. Three-quarters of respondents considered that plantations had generated radical changes to their living environment and this change was reported as mostly negative (54%), or hardly positive (18%), but with significant differences between villages.
Gender
There were no significant differences between genders in response to questions on (i) whether the plantation dramatically changed the living environment; and (ii) whether the company or the State should be in charge of providing services. Women and men also tended to give similar responses to questions about positive and negative impacts of plantations, with only a few more benefits cited by women (55% cited at least three benefits) than men (43% cited at least three benefits), and a few more negative impacts cited by men (42% cited at least three negative impacts) than women (27% cited at least three negative impacts). This provided a general indication that plantation development might not have been particularly detrimental to women, even if one questions the robustness of our method to validate this assumption (e.g. women may not have freely expressed their judgment and they represent a minority in our sample -see Table 2 ). The overall opinion on positive and negative impacts was related to the plantation type and was influenced only slightly or not at all by the gender or the origin of the respondents.
Work opportunities for local people matter a lot, as illustrated in Table 4 , and they seemed to differ markedly with plantation type and gender. In pine and teak plantations, women appear to be 'marginalized' (73-77% never worked at the plantation) whereas half the women had work experience in acacia plantations. The differences were less obvious for men, with 47, 37, and 52% reporting work experience in pine, teak, and acacia plantations, respectively. The reasons for such results are unknown.
Women tended to report improvement in impacts of plantations over time: They expressed equally positive and negative responses to the question: "Was the change to the landscape positive or negative?" Men leaned strongly toward the negative (58% were negative versus 12% positive assessment). This is corroborated by the other question on the evolution of perceptions over time, for which 43% of women declared improving perceptions and 23% declared worsening perceptions, whereas men's perceptions of change were distributed equally.
Discussion
The breadth of our questionnaire and the number of respondents (606) and sites (9) for the survey over the three main islands used for timber plantations (Java, Kalimantan and Sumatra) gave us a wealth of information, but cannot be claimed to represent all the variety of situations across the country. 'Perceptions of plantations' can encompass a wide range of aspects of life and landscapes and these can be captured through many different approaches and questions. We paid special attention to using several questions to inform a topic, e.g. for benefits and services associated with the plantation; we also triangulated with information from informal discussions at the sites and made decisions as to the most effective questions and sequences in providing relevant and reliable data.
Initial investigations revealed that sites near pine and teak plantations converged on many aspects, which differed from information gained at acacia sites. Common features included their location on Java Island and a higher level of development, a long history (these plantations were initiated by the Dutch before independence of the country seven decades ago), ownership by a State-owned company and medium-to-long rotations of 20-50 years. These factors might partially explain why people near pine and teak sites reported more favourable perceptions of plantations than at acacia sites, although there are differences among villages associated with pine/teak plantations. These better perceptions are associated mostly with the higher number and variety of benefits and services, lower number of negative impacts and greater opportunities to use the plantation land and products for improving rural livelihoods.
These findings were not clearly linked to a notion of high versus low-intensity forest management. Although acacia monocultures over very large areas of land are seen as intensive with very short rotations of 5-7 years under normal conditions, pine plantations could also be considered intensive, as production is continuous over the course of the rotation, with resin tapping. This translates into very different kinds of work contracts with villagers, as resin tappers are allocated use rights of plots of about 1 ha each, in order to produce and sell the resin to the company through an intermediary institution such as LMDH. Workers at acacia plantations are usually daily workers but they tend to work more days per month than on other plantations. The acacia sites had permanent staff as well as some subcontractors and presented economic opportunities for the most enterprising and resourceful (and resource-rich) individuals. Employment opportunities in teak plantations were rare; here villagers requested opportunities from the company to do intercropping, to such an extent that the companies in densely populated areas had to lengthen their timber rotations in order to accommodate local pressures.
When considering the positive impacts perceived by surrounding populations, it is clear that pine/teak and acacia plantations have followed contrasting patterns in terms of local development. Indeed, the location of the former in areas that have been opened up for a long time seems to resonate with fewer associations by villagers between infrastructure and the company. Interestingly, this does not mean that local development was not acknowledged as one achievement of the pine/teak plantations; villagers actually associated them with a diversity of benefits, ranging from development to environmental services, including the provision of NTFPs (e.g. fuelwood).
These results can be related to the heavy focus of villagers around acacia plantations on economic development and infras-tructure, both in terms of acknowledgment of past achievements and expectations for future progress and improvement. Such expectations are usually prevalent in more remote areas where their fulfilment can make a large difference to livelihoods, and plantations are expected add to this. Indeed, 56% of acacia respondents stated that the company should provide these infrastructure/services while only 23% stated that the State should. 2 One general interpretation of this is that pine/teak plantations operate in a more stable and homogeneous environment in rural Java from a social perspective, compared with acacia plantations in Riau and East Kalimantan provinces where the state is weaker and public services and infrastructure are scant (see Singer, 2009 ). This effect is magnified by the presence of migrants as a majority in most acacia sites (interviews with key informants). In other words, the latter sites are changing more rapidly in terms of demographics and origin of residents, with major new arrivals and it is likely that this will impact on local expectations.
This issue of migrants warrants further study, as migration to outer islands within Indonesia is intense. This aspect was only investigated in Sumatra and Kalimantan and for acacia sites, where transmigration programs have moved large numbers of Javanese people over the last few decades and this has also been followed by spontaneous migration from Java (see Levang, 2004) . And more recently, waves of migrants from provinces such as North Sumatra moved to Riau and neighboring provinces, mostly for oil palm development. Indeed, it is less relevant in the Javanese context, where in-migration from other provinces is exceptional in rural areas.
For many topics studied, the views and experiences of migrants and indigenous people were similar. In terms of employment, the moderately higher percentage of work experience among indigenous respondents (55% versus 45%) is probably due to policies by companies to hire indigenous people preferentially, but this did not seem to lead to striking differences. The results in terms of positive and negative impacts were very similar for both groups of respondents, as were views on whether plantations generated a dramatic change in their environment and whether this change was 'good' or 'bad'.
But differences exist, as illustrated by a much larger proportion of indigenous respondents reporting to have suffered from restricted access to natural forests for their own needs. This is not surprising and can be explained by their longer presence in the area and traditional lifestyles, with greater dependence than migrants on natural forests to which they might also have rights (not necessarily formally recognized by the State or the company). Also, probably related to the longer period of settlement in the area, we found that indigenous respondents tended to report that their overall appreciation of the plantation had worsened over time. In contrast, migrants' views had remained more stable over time, which was probably reinforced by the people who had not witnessed the change in the landscape because they had moved after the establishment of the plantation. Generally, migrants depended more on the company for future work opportunities and benefits than indigenous respondents, who tended to rely on the State.
Our analysis leads to make several recommendations for the improvement of plantation management in the future, to ensure that the planned expansion benefits local populations as much as possible and that tensions are mitigated. The role of the State in plantations must be clarified and reinforced because it often seems to remain ambiguous. In the mind of many respondents, the concessionaires are responsible for local development, so that their not delivering on a number of infrastructural projects or services leads to blaming of the company. While there is consensus that companies certainly have responsibilities in providing additional resources to remote areas because they utilize public land, it is open to discussion whether their formal obligations for local development according to their licensing contracts should include substantial investments such as electrification or road construction. All depends on whether it is assumed (or made policy) that the ultimate objective of local development is to be the responsibility of private companies, especially in frontier areas.
Interactions by plantation agencies and companies with local populations also have to be enhanced and sound lessons can be drawn from teak and pine cases in Java, where intermediary institutions apparently liaise satisfactorily between companies and people to organize the labour, convey claims and perform other valuable roles. Such institutions are lacking in acacia plantation areas and hence many opportunities for gaining better impacts are missed. Not only should the claims and expectations of people be channelled through intermediary agencies, but companies could also better advertise the positive aspects of their business. Misunderstandings could be clarified and the necessary changes to local management practices should be made before the situation worsens.
Contributions by people living in surrounding areas potentially affected by the establishment of a plantation should be made possible at the planning stage, involving primarily indigenous populations, but also migrants as they seem to play an increasing role in frontier areas. This should apply in particular to land claims, organization of the labour force including working contracts, spatial distribution of plantations in order to conserve areas of local value, and to options for land-sharing, as this is a major avenue for fruitful coexistence. Moreover, such processes would gain from being well framed and supported by the national and local governments. While the latter has adopted a pro-poor and pro-community vision in the forestry sector, with an entire department specifically devoted to "social forestry", and has pushed for the creation of local development programs as part of management of plantation concessions, it is yet to promote an ambitious and realistic participative approach to plantation development.
Conclusion
This study aimed at analyzing the impacts perceived by local people of industrial tree plantations in Indonesia, a vast country with both major historical plantation development and future plans for expansion. The study was initiated mainly to investigate the differences (and/or similarities) between plantation types, as the country hosts vast industrial estates of different tree species that are managed for different purposes and with different kinds of interactions with surrounding villages or small towns. Therefore, it was important to investigate commonalities or discriminating features in a context where industrial tree plantations are often criticized as a whole as generating conflicts and contributing negatively to local development and/or to the environment.
By conducting a large survey covering acacia, pine and teak plantations, across three islands in the Indonesian archipelago, we were able to provide a nuanced view of impacts as seen through the eyes of local populations. But there are limitations inherent in any such study that relies on a relatively small sample compared to the number of plantations and their associated idiosyncratic characteristics. These perceived impacts show many differences between sites and underline the variety of management and silvicultural approaches, social-integration practices in use, and contrasting histories with very recently established acacia plantations compared to teak and pine. The line between intensively and extensively managed plan-tations is blurred, as several dimensions are involved, i.e. length of the rotation, nature of the products (from timber to non-timber), amount of labour days per month, the availability of options for land-sharing among local people.
The analysis deals at length with differences between peoples perceptions of two mainly contrasting plantation types -acacia areas and pine/teak areas. The former pose a number of problems related to their scale, recent arrival in the landscape, tenure uncertainties and associated tensions, undeveloped location, remote areas and poor environmental record. The pine and teak plantations are much more integrated and less disputed due to their long presence in opened-up areas mainly on Java, more frequent interactions with the population both in terms of formal participation through intermediary institutions and access to plantation land, good environmental record and availability of land for intercropping or relatively attractive work contracts for non-timber forest production.
Based on our findings, we suggest a number of ways to improve the social, economic and environmental integration of industrial tree plantations in the landscape. In particular, there is room for more frequent interactions with local populations following the model set up by teak and pine companies in Java, where intermediary institutions play a substantial role for both conveying claims, organizing the labour force, and socializing positive aspects of the business. Apart from land claims and discussions about employment issues, information on spatial distribution of the plantation, related infrastructure and other matters should be clarified early at the planning stage and before almost irreversible decisions degrade the vital relationship with local people. Moreover, such processes would gain from being supported more strongly by the government policy, agencies and practical regulations.
These results and lessons are based on an extensive survey in Indonesia and we encourage its replication in other contexts where similar issues exist that have potential for improving sustainable development. As these plantations are likely to expand substantially in the coming years and decades, a great deal is at stake, and there seems to be considerable room for improvement by government, forestry, and development agencies.
